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For THE METHOD OF INDUCING HOMOLOGOUS 
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Dear Examiner Leavitt: 

Further to our conversation of today, we enclose copies of (Van Gent (1 996) and 
Arakawa and Buerstedde (2004) that we will refer to tomorrow and w will 
subsequently file in an information Disclosure Rtatranent. 

Additionally, tomorrow we will refer to Bassing (2000) and Agata et al. (2001), 
both nf which previously have been made of record- 
Please confirm by return facsimile your receipt of these documents. 
Sincerely yours. 
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head.ta.haad Fashion (signaljairtt). ThaJrjWng reactions 
require several Factors thai are also imrOtveC in general 
DS9 repair (Jockaon end Jeggo, 1095). 
We hove shown previously that the RAG1 and RAG2 



i requires a par or signal se- 
ts of U and aa haw pairs, 
is hy tha RAni ann RAG* f 



the RAfii and bag? proteins, out Depends on the 
metal ion. hi Mn", a single signal sequence supports 
efficient double ttnrtd cleavage, hut cutting In Wig" 
requires hue signal sequences and Is bast with the 
canonic* izro ™ ut - »* RAC^preW^Wr. 

nation, the recagrotion of asmgfesignal sequence end 
the eoireet 12/31 eoupdng In a pair at signal*. 



teby Vfi 
t). This pi 



sequences (RSSt), which ft»nk the ceding segments. 
An RSS is made up of conserved heptemerend nonamer 
moots, separated by a spacer with noneenserved se- 
quence but e relatively conserved length or 12 or 23 
ra (bp) 



V(D)J r 

First, double-strand breaks (DSBs) are made at the cod- 
inp/aignel borers. Such DSBs here been detected el 
T-ctll- receptor (Roth ct el., 1992a) end Immunoglobulin 
loci (SchliSSel ct el., 1993). Letcr, pairs of coding ends 



(Roth el ol„ 1992b), but have also recently bean ft 
In e non-seio" background (Ramadan end Gellert, 1995). 

DSBs ore now known to bo made by the RAG1 and 
RA02 proteins in e tvre-step reaction (McBlane ct al., 
1995: van Gent ct al., 1999). First, a nick is introduced 
at the 5' end of the R33 hestomcr. leaving a 3'-DH on 
the coding aide, and a S' phosphate en the signal side. 
Tnts 3 -On is then used to attack me phosptioajestef 
bond in the other strand opposite the Initial nick by 
direct trsnsesterificatioTi (van Gent et al., 1 99B), resukiny 
in a hairpin coding end and a brunt, 3' phaspfrarytatad 



tu form a codeig juint, and the signal ends are Joined In a 



HSS wfth a 12 bp spacer nz-signai) ana one wrm a 23 
bp spacer (za-agnal): this Is the so-caoafl itm rule. 
va> lormation in vivo also depends on me presence or 
such a par at ftSSs (St R. Steen. L fiomeisky ana 
D. B. P.ott\ personal communication), indicating that the 
12/23 mie is linked to ma initial cleavage event how 
ovar, with Mn" as dtvalent cation, cleavage by the puri- 
fied PAG1 and RAG2 proteins did not demand a second 
RS5, nor did the presence of a partner signal stimulate 
this reaction. Hera we show that with Ma}* as <fvalent 
cation, effieienteleavaga requires the presence oF a 12- 
sienal and e 23-signal but dees not occur at a single 
RS5, thus recapturhq the 12/23 rub in vitro with only 
the RAG1 and RAG 2 proteins. 



Effect or Ovalem Carton on cleavage 

As shown Deiore. s single RSS Is cleaved by tha purtflad 
RAtvi and rag? proteins ffvtcBiane et ai.. 1993). The 
two products, me mcked species resulting from me first 
step and me hairpin resulting nom me second, can be 
seen in figure 1 pane ?). i-mcient cleavage or such an 
oligonucleotide substrate requires Mn" as divalent eat- 
ion; in the presence of Mg", only the nicked species is 
made (Figure 1, lane 3). 

In the presence of Mn 3 *, DMA substrates containing 
two RSSs (one with a 12 bp spacer end one with a 23 
bp Spacer) were found to be cleaved at either RSS, 
Independent of the other (McBlane et ol„ 1995; van Gent 
ct al., 1995). Wa Investigated whether substitution of 
Mn 5 * For Mrf* might mature the need for a second RSS. 
To allow the two RSSs to be oBgned without any hin- 
drance Dy limited DNA nexiotty, we hserted a 0 9 kb 
fragment between me signals (PDVG42; see Figure 2AI. 
trus piasmKi was imeanzed w*n me rest/ icuon enzyme 
Aatn and (neutered wim rat,i and RA<>2 in me ores* 
enee of either wn'- or Mg»\ RBscrion products were 
analyzed by Sculham totalling, using the nj) kh insert 
as probe. Cleavage at both signals generates a 1 kb 
product; cleavage at oriy the 1Z-$ignal or only the 23- 
signal will yield 6 kb or 3 kb products, respectively. In 
the presence of Mn"-, high levels of the 6 kb and 3 kb 
products ware observed (29% and 9% of total substrate, 



nt the ether (Figure 2B, 
c 2). The 1 kb product, arising from Cfeevege «t both 

signals, was also observed (7%), but at e level that wee 
not swraficentrr hi flh*r *«" e«pected for two indepen- 
dent cleavage events. 

In Mg'\ howcvcT, the majority ol products was cut 
at both signals (19%), with only a smell minority cleaved 
Just at the 12-signal (3%) ami hardy dctectaiilc single 
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